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We're praying for the rain to stop. 
- Chicago Mayor Martin Kennelly during a severe rainstorm in 
October 1954 that resulted in one of the city's worst floods. 
It's the worst flood I ever seen and I've been here 87 years. Tbat 
old river has pushed me to the second floor before, but I ain't 
never been on the third floor till now. If it keeps comin' I may 
wind up in New Orleans. 
- Grafton, Illinois, resident in his flooded home during heavy 
rains and flooding of the Mississippi River in April 1973. 
The Chicago mayor and the man in the 
small southwestern 111 inois town were at the 
mercy of unremitting rains. Although these 
were extreme incidents, severe rainstorms in 
Illinois affect more people, property, and land 
surface than any other severe weather event 
except severe winter storms. Tornadoes and 
damaging hailstorms often produce greater 
destruction, but the area they affect is normally 
much smaller than that of the severe rainstorm. 
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The resulting floods from these storms have 
caused untold hardships, injuries, and death 
to Illinois residents. Severe rainstorms flood 
farmers' fields, urban areas, rivers, and water 
supply reservoirs. They are also strongly 
linked to soil erosion, lake and reservoir sedi· 
mentation, and water pollution. 
For example, overloading of a storm sewer 
or combined storm-sanitary sewer systems in 
urban and suburban areas can cause widespread 
damage to propert 
and seriously int 
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damage to property. create health problems, 
and seriously interrupt business act1vit1es. 
Crops may be destroyed or severely damaged 
over several counties in one of these storms, 
especially if it occurs early in the growing 
season. Flooded basements and streets are 
common even in smaller scale downpours. 
What are the characteristics of these storms? 
How do they develop? How have they affected 
Illinois residents? 
Research at the State Water Survey has 
shown that severe rainstorms can be grouped 
into two basic types, based primarily on the 
area they cover, rainfall intensity. and duration. 
The two storm types are the sup,·rsturm and 
the iwlated Sl'vcrc rai11~tnr111 
Su perstorms 
The superstorm is an unusually large, de-
structive storm, somewhat analogous to the 
"killer" tornado, in that it is a relatively in-
frequent event that creates major damage over 
an unusually large area. 
A rainstorm is cons1dered a superstorm if 
rainfall exceeds 1 inch over 2500 square miles 
or more, which is about equal to an average 
5-county area in Illinois. However, these 
storms sometimes encompass areas of 10,000 
to 20,000 square miles or more. 
The superstorm is usually associated with 
a storm system consisting of several intense 
bursts of rain that have a strong tendency to 
peak in a particular storm zone over 6 to 24 
hours. Most of the rainfall, however, usually 
occurs within a period of 6 to 12 hours, although 
lighter rain may occur intermittently for much 
longer. Generally. these superstorms are not 
accompanied by hail, although hail frequently 
precedes them. 
Superstorms usually begin in the late after-
noon or early evening, and are often triggered 
by the merging of two active thunderstorms or 
Water from a May 1968 severe rainstorm floods a field in Champaign County. Farmers in central 
Illinois had to replant several thousand acres after this storm because young corn and soybean plants 
were washed away or rotted because of flooding. The downpour also caused considerable soil erosion. 
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a narrow band of thunderstorms, called squall 
lines. Water Survey studies indicate that in 
Illinois the superstorm is primarily a nighttime 
phenomenon in that most of the heavy rainfall 
occurs from sunset to sunrise. 
Total rainfall amounts at the storm center 
frequently exceed 10 inches, which is greater 
than rainfall expected to occur, on the average, 
once every 100 years at any given location. 
Water Survey researchers conducted a 
historical study of Illinois superstorms dating 
back to 1887. The historical results were 
supplemented by comprehensive field survey 
measurements of some severe rainstorms, 
which were conducted in the 1950s and 1960s 
by Water Survey personnel. These studies 
indicate that a superstorm on the average will 
occur somewhere in I llino1s every two years. 
However, the storms do not occur in a cyclical 
pattern; rather, they tend to occur in clusters 
The greatest single-year number of super-
storms occurred in 1957, when four of the 
storms were recorded in the state. However, 
there have also been periods of 5 years or 
longer when none occurred The locations 
rainfall amounts, and dates of the 1957 storms 
are shown in Figure 1. 
Water Survey studies show that the super-
storm of June 14-15, 1957, in south-central 
Ill nois is the most intense severe rainstorm on 
record in the state. Millstadt, Illinois, south· 
east of St. Louis, was in the storm center area 
and received 16.5 inches of rain in less than 12 
hours. 
In this same storm, flash floods in the 
Belleville area washed away a major water main. 
Pots, pans, thermos jugs, and even wastebaskets 
were used to carry potable water from 
emergency tanks. A National Guard unit was 
mobilized to patrol Belleville's streets and assist 
in the rescue of persons trapped by high water. 
Several people were killed in flood-related 
mishaps in the Belleville area. 
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Figure 1. Superstorms in Illinois during 1957 
Figure 2 illustrates the rainfall d1stribut1on 
in an October 1954 superstorm that extended 
westward from the Chicago region. During a 
36-hour period beginning at 3 p.m. on 
October 9, an area of about 22,000 square 
miles - almost 40 percent of the state had 
rainfall exceeding 1 inch, and amounts 
exceeded 12 inches at the center of the storm. 
Average monthly rainfall for October in this 
storm region 1s only 2.5 to 2.9 inches. 
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The storm idled more than 100,000 Chicago 
area industry employees as flooded streets 
prevented access to many areas and power 
outages forced closings of many factories. 
Nearly 100 schools in the area were shut down 
because of flooded basements. All off-duty 
Chicago city firemen were called to work 
during the superstorm. 
Other examples of the storm's choke on 
Chicago included flooding of airport runways 
amd overflowing of the Chicago River, which 
resulted in flooded railroad tracks and the 
closing of Union Station. Water was more 
than 15 inches high at some points on Lake 
Shore Drive. Total damage was estimated at 
10 million dollars in Chicago and 15 million 
dollars in suburban areas. 
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Some examples of the rainfall intensity and 
area covered by Illinois superstorms are pre· 
sented in Table 1. This table shows average 
12·hour rainfall amounts from the storm 
centers outward to 5000 square miles. 
These area-depth figures were determined 
for 11 superstorms for which comprehensive 
field surveys were conducted and detailed 
studies undertaken by the Water Survey. 
These field surveys included rainfall measure-
ments in a network of raingages and at random 
points between gages where containers - a 
bucket on a farm, for example - could be 
measured for rainwater accumulation. 
Rainfall amounts at the center of all 11 
storms exceeded rainfalls to be expected at 
each location on the average of once every 
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figure 2. Total rainfall for the October 9·10, 1954, superstorm. The curved lines show the differing amounts 
of rainfall in inches. These lines were plotted with the aid of dense raingages in the area. 
The storm center is the 12·inch oval, located west of Chicago. 
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Table 1. Area-Depth Relations for Maximum 12-Hour Rainfall Period in Typical Superstorms 
maximum 
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7/28/61 8 10.1 9.7 9.2 8.6 7.4 6.3 5.5 4.2 Table 1. 
5/20/59 6 6.7 6.2 5.7 5.2 4.0 3.3 2.5 1.5 which the 
8/16/59 16 9.3 9.1 8.8 8.4 7.8 7.0 6.2 4.8 in the sto 
7/ 14/58 12 8.7 6.5 8.2 7.4 7.0 6.2 5.2 3.9 12-hour ra 
6/ 14/57 15 16.3 15.7 14.7 13.8 12.0 10.4 8.6 6.1 averages a 
6/27/57 17 12.0 11.5 10.9 10.3 9.3 8.4 7.4 5.9 and over 5 
7 / 12/57 15 9.8 9.6 9.3 8.9 8.2 7.3 6.5 4.9 These I 
5/21 /57 36 7.3 7.1 6.8 6.5 5.9 5.3 4.6 3.6 rainfall \ 
10/9/54 42 7.3 7.2 7.0 6.8 6.3 5.9 5.3 4.2 concerned 
7/8/51 7 12.0 11.3 10.6 9.8 8.8 7.8 6.7 5.6 structures 
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100 years. For example, in the storm of 
July 28, 1961, in south central Illinois, the 
maximum rainfall at one location exceeded 
10. l inches in 8 hours, whereas a maximum 
rainfall of 5 inches is expected there every 
100 years. 
The severity of these storms can be under-
stood further by examining the average rainfall 
that fell over various storm areas as shown in 
Table l . All storms occurred in months in 
which the average rainfall 1s less than 4.5 inches 
1n the storm areas. Table 1 shows that the 
12-hour rainfalls exceeded the monthly normal 
averages over 1000 square miles in 9 storms 
and over 5000 square miles in 5 storms. 
These area-depth relations provide essential 
rainfall volume information to engineers 
concerned with the design of hydraulic 
structures, such as dams, urban storm sewers, 
highway culverts, water supply facilities, and 
many other engineering installations. 
Superstorms may occur in any region of 
the state. They occur most often in summer 
(June-August). and almost exclusively in the 
warm season (April-October). 
Isolated Severe Rainstorms 
The most frequent type of rainstorm pro-
ducing flash floods in Illinois and most of the 
United States is the isolated severe rainstorm. 
This type of storm is a smaller scale model of 
the superstorm that is very localized but 
produces extreme rainfall rates. 
In Illinois, these isolated storms usually 
last from 3 to 12 hours, affect less than 500 
square miles, have maximum 1- to 4-hour 
rainfall totals that exceed 3 inches, and produce 
rainfall rates at the storm center that exceed 
amounts to be expected from once every 25 
years to once every 100 years. 
The isolated storms usually develop in 
early to mid-afternoon with heavy rainfall 
usually ending by early to mid-evening. Hail 
frequently accompanies these storms in mid- to 
late afternoon. 
Table 2 is similar to Table 1, and shows 
area-depth figures for a selected group of 
isolated severe rainstorms. The 10 storms 
shown were among those with detailed in-
formation available from field surveys, dense 
raingage networks, and weather radar opera-
tions. Average: area rainfall amounts are shown 
for areas ranging from 10 to 500 square miles 
about the storm centers. 
The storm center rainfall amounts tend to 
be much smaller than those in the superstorm. 
Also, durations are shorter, on the average. 
However, they usually exceed normal month~y 
rainfall for the area in which they occur, and 
the rainfall change of intensity with distance 
is frequently greater than in superstorms. 
Studies have been made at the Water Survey 
using data from several dense raingage networks 
to better define the frequency of these isolated 
severe rainstorms. It was determined that in 
any selected area of 1500 square miles in 
Illinois, one of these storms will occur once a 
year, on the average. 
Assuming a uniform distribution throughout 
the state. Illinois can expect to experience on 
the average about 40 isolated severe storms per 
year. Although these are relatively small 
localized rainstorms, 40 such events per year 
would produce much greater flood damage in 
a 10-year period than would the infrequent 
superstorms, which tend to occur in spurt s. 
An excellent example of the isolated severe 
rainstorm is shown in Figure 3. This July 1979 
storm was measured by the Water Survey's 
dense network of raingages in central Illinois 
and by raingages of the public. All rain of 
consequence occurred between 2:45 p.m. and 
9 p.m., while most of the intense rain fell in 
4 hours. A storm total of over 7 inches was 
measured in the storm center southeast of 
Urbana. 
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Figure 3. Total rainfall for July 30·31, 1979 , ra instorms (inches). 
In the storm center, rainfall averaged 2 
inches over 365 square miles, but less than 
5 square miles had a depth of 7 inches or more. 
Thus, the storm was extremely small, and 
went virtually undetected by the climatic 
network of the National Weather Service. 
Although the rain lasted only about 6 hours, 
Champaign-Urbana experienced flooded base-
ments and underpasses; the cab of a pickup 
truck was almost covered by water at one 
underpass. Firemen spent many hours pumping 
out 20 inches of water from University of 
Illinois laboratories that had been flooded by 
a nearby overflowing creek. Water-damaged 
laboratory research equipment was part of the 
mess to be cleaned up by university mainte-
nance workers who were on the job all night. 
The intense downbursts of an isolated 
severe storm in August 1973 presented a 
special problem for Granite City in southwest· 
ern Illinois. local industries were believed to 
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have illegally dumped creosote oil in to sewers 
which then flooded over. Floors of businesses 
were covered with water and the smelly oil. 
The f ire department spent the night applying 
chemicals to streets and sidewalks and then 
flush ing them with wate r hoses to remove the 
hazardous o il slick. 
Duri ng this same storm, a flat roof on a 
Granite City factory collapsed when hail 
clogged the bui ld ing's drains. 
Comparison of Superstorm and 
Isolated Storm 
There are a number of similarities and 
differences between the two rainstorm types. 
The rain patterns are strikingly sim ila r. Both 
most frequently tend to have an o rientation 
from west-southwest to east-northeast. Both 
occur most often from late spring to early fa ll , 
with summer (June-August) being the most 
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common period. The rain patterns tend to 
assume an elliptical shape, but the superstorm 
pattern is often more elongated. 
The superstorm has a strong tendency to 
develop in late afternoon or early evening, 
with the heaviest rainfall occurring during the 
period from sunset to sunrise. The isolated 
storm tends to develop earlier, most often in 
early to mid·afternoon, and the heavy rainfall 
usually ends by early to mid-evening 
Superstorms are usually associated with 
stationary fronts, with cold fronts, or with 
instability zones in a warm, humid, tropical 
air mass. With stationary fronts, they occur 
as a series of squall lines or areas in advance 
of a frontal wave (low pressure center) moving 
from the southwest or west-southwest. 
The cold front storms are caused by a series 
of squall lines from 50 to 150 m,les ahead of 
the front. Those storms associated with non· 
frontal areas usually result from a series of 
lines or areas of thunderstorms that move out 
of a nearly stat ionary storm development 
zone. 
The isolated severe rainstorm occurs pre· 
dominantly in non-frontal situations, that is, 
in moist, unstable tropical air masses. These 
"air mass" storms often develop from the 
first cumulus clouds to form in early afternoon, 
and then beg,n their own weather system a 
small localized low pressure center that shows 
little movement, or feeds on other clouds that 
develop in its vrc1nity or move into the system. 
In a superstorm, the organized lines or areas 
of thunderstorms that develop upwrnd of the 
storm center will gain therr greatest intensity 
as they reach the ongoing storm region, typi-
cally, this will occur 4-6 times in a 12-hour 
period. 
The isolated rainstorm commonly consists 
of 5· 7 bursts produced by individual rainstorms 
that are absorbed rnto the system. These are 
of much shorter duration than the superstorm 
bursts, usually lasting 30 to 40 minutes. 
Bicyclists splash through a flooded Champaign street during a lull in the July 30-31, 1979, downpour. 
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Tables 3 and 4 present statistical models of 
the superstorm and the isolated rainstorm 
derived from Water Survey studies. The models 
provide typical measurements of various storm 
characteristics and are based on median values 
of the many storms investigated. There is, of 
course, considerable variation within each 
storm type in some of their characteristics, 
such as duration, maximum and average rain-
fall, number and separation of storm elements, 
storm shape, and storm orientation. 
Heaviest Recorded Rainfalls 
Long-term records from the climate 
observation stations of the National Weather 
Service (NWS) were studied to determine 
whether extreme storm events, such as super-
storms and smaller-scale isolated severe rain-
storms, tend to vary in frequency and intensity 
in Illinois. 
In establishing intensity relationships, the 
heaviest 1-day rainfalls recorded at NWS 
stations from 1901 through 1980 were deter-
mined. These are shown in Figure 4. Among 
the 24 NWS stations used in this study, 1-day 
maximum amounts ranged from 4.50 inches 
at Urbana to over 10 inches at La Harpe in the 
western part of the state and at Aurora in the 
northeast. 
Not only is there a wide range of maximum 
amounts in the state, but there is also no 
strong trend for record rainfalls to be greater 
in one region than in another. Figure 4 shows 
that a wide variation in greatest rainfall can 
occur over small distances. For example, 
the 1-day maximum during 1901-1980 varied 
Table 3. Statistical Model of 12-Hour Maximum Rainfall in Superstorm 
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Cl,aract,•1-iitir 
Starting time of storm 
Start of heaviest rain intensities 
Duration of heaviest rain intensities 
Area enveloped { 1-inch rain or more) 
Orientation of surface rainfall pattern 
Number of individual substorm elements 
(squall lines, thunderstorms, etc.) 
Average frequency of substorm elements 
\l11Jd 
7 p.m. 
10p.m. 
6 hours 
5000 sq. miles 
WSW-ENE 
5 
2.4 hours 
Table 4. Statistical Model of Severe Isolated Storm 
C:haracteri~tic 
Storm duration 
Starting time of storm 
Start of heaviest rain intensities 
Duration of heaviest rain intensities 
Area enveloped 
Orientation of surface rainfall pattern 
Number of bursts or merging cells 
Average frequency of bursts 
\loJt'f 
4 hours 
4 p.m. 
4:30 p.m. 
3 hours 
500 sq. miles 
West-East 
6 
30 minutes 
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This is the twelfth in a series of pamphlets describing in popular language our research findings about 
water resources and weather in Ilinois and current issues concerning them. 
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The llmo,s State Water Survey is the central 
data repositnry and research coordinator for 
ltlino,s in maters related to water resources 
and weather. Its research and service programs 
encompass assessment and evaluation of ground, 
surface, and atmospheric water resources dS to 
quantity, qualoty, and usl' The Water Survey 
was founded in 1895 and rs now a divis,on of the 
Department of Energy and Natural Resources. 
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